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Prospects for detection of Υ(1D)→ Υ(1S)pipi
via Υ(3S)→ Υ(1D) +X 1
Jonathan L. Rosner 2
Enrico Fermi Institute and Department of Physics
University of Chicago, 5640 S. Ellis Avenue, Chicago, IL 60637
At least one state in the first family of D-wave bb¯ quarkonium levels has been
discovered near the predicted mass of 10.16 GeV/c2. This state is probably
the one with J = 2. This state and the ones with J = 1 and J = 3 may
contribute a detectable amount to the decay Υ(1D)→ Υ(1S)pipi, depending
on the partial widths for these decays for which predictions vary considerably.
The prospects for detection of the chain Υ(3S)→ Υ(1D) +X → Υpipi +X
are discussed.
PACS Categories: 14.40.Gx, 13.20.Gd, 13.40.Hq, 12.39.Ki
A sample of 4.73 × 106 Υ(3S) decays obtained by the CLEO III experiment has
permitted the first observation of an Υ(1D) level [1]. This state, which probably is the
J = 2 member of the spin-triplet 13D1,2,3, has a mass of 10162.2 ± 1.6 MeV/c
2 and is
observed with a combined set of branching ratios for production and decay very close
to theoretical predictions [2, 3]. The data exceed the CLEO Collaboration’s previously
reported sample [4], 237 000 ± 6800 Υ(3S) decays, by about a factor of 20. They are
several times that of the CUSB Collaboration [5], 1.18 × 106 Υ(3S) decays with µ+µ−
detection and 0.64× 106 decays with e+e− detection.
The chain through which the Υ(1D) state was discovered is illustrated in Fig. 1(a).
A cascade involving four photons γ1–γ4 followed by leptonic decay of the Υ(1S) leads
to a very clean final state in which the major limitations are the total size of the
sample and backgrounds from cascades via the photons labeled γ2
′ and γ3
′ involv-
ing the intermediate Υ(2S) state. The combined branching ratio including the decay
Υ(1S)→ (e+e− or µ+µ−), (3.3± 0.6± 0.5)× 10−5, is consistent with the prediction [3]
of 3.76× 10−5.
Theoretical predictions [3] indicate that for the CLEO III Υ(3S) sample mentioned
above, one should have produced a total of (5.7, 14.2, 7.7) thousand Υ(1D) states with
J = (1, 2, 3), respectively, via the transitions involving γ1 and γ2 in Fig. 1(a). Yan [6]
and Tuan [7] have pointed out that another way to detect these states may be through
their decays to Υ(1S)pipi, as illustrated in Fig. 1(b). The present note examines the
likelihood of observing these transitions in the CLEO III data set. It is not necesssary
to detect the photons γ1 and γ2, though vetoing charged particles aside from the pions
in Υ(1D)→ Υ(1S)pipi might be helpful.
The predictions for Υ(1D) → Υ(1S)pipi rates differ substantially from one another.
All are independent of the spin of the 1D state [6, 8], aside from possible small effects
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Figure 1: Cascades from the Υ(3S) leading to production and detection of the Υ(1D)
levels. In each case the Υ(1S) is detected via its decay to e+e− or µ+µ−. (a) Four-photon
cascades; (b) sequence Υ(3S)→ γ1γ2Υ(1D) followed by Υ(1D)→ Υ(1S)pipi.
on the J = 1 state due to 3S1–
3D1 mixing [9]. Billoire et al. [10] found Γ(Υ(1D) →
Υ(1S)pipi) = 0.07α2s keV; Kuang and Yan [11] obtained 24 KeV; Moxhay [8] found 0.07
keV (a value employed in Refs. [2] and [3]), and Ko [12] argued on the basis of non-
perturbative effects that the Billoire et al. and Moxhay results should be enhanced,
leading to a prediction of 0.56± 0.07 keV. I shall compare the sensitivity of the present
CLEO III sample to the last three predictions. Discussions of the reasons for the differ-
ences may be found in Refs. [2, 12, 13, 14].
In brief, the present data sample should be able to rule out the prediction of Kuang
and Yan or observe the predicted transition with great statistical significance. The
sensitivity at the level of Ko’s prediction will depend on CLEO III’s superior performance
as a detector in comparison with the previous CLEO limit [4]. In that work a combined
upper limit
3∑
J=1
B[Υ(3S)→ Υ(13DJ)X ]B[Υ(1
3DJ → Υ(1S)pipi] < 0.6% (90% c.l.) (1)
was placed.
I first justify the estimate of the total number of Υ(1D) states produced from the
Υ(3S) through two-photon cascades via the χb
′(2P ) states. The branching ratios for
the transitions Υ(3S) → χb
′(2P )γ1 are quoted in Ref. [15] (central values are used
here), while for the decays χb
′(2P )→ Υ(1D)γ2 the branching ratios predicted in Table
VIII of Ref. [2] are employed. The combined results are summarized in Table I. It is
assumed that these electromagnetic transitions are the only source of the Υ(1D) levels.
The energies of the photons γ1 are shown in the Table, while the energies of γ2 range
between about 80 and 120 MeV for the masses favored in Ref. [2], shown in parentheses
in MeV/c2 under the corresponding spins of the 13DJ levels.
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Table I: Branching ratios for electromagnetic transitions contributing to Υ(3S) →
Υ(13DJ)X . Branching ratios for emission of γ1 are observed values, taken from Ref.
[15]. Table entries in Roman type denote B(χbJ
′ → Υ(13DJ)γ2) predictions in percent
[2]; numbers in italics denote thousands of Υ(13DJ) states produced for 4.73×10
6 Υ(3S)
decays. Blank entries denote transitions forbidden by electric dipole selection rules.
J(χb
′) 0 1 2 Total
B(γ1)(%) 5.4± 0.6 11.3± 0.6 11.4± 0.8 events
Eγ1 (MeV) 123 100 87 (×10
3)
3D1 0.153 0.97 0.023
(10156) 0.391 5.185 0.124 5.70
3D2 2.36 0.29
(10162) 12.61 1.564 14.18
3D3 1.42
(10166) 7.657 7.66
To calculate the branching ratios of each of the 13DJ states into Υ(1S)pipi for the
various models of rates, one may use the predictions [2] of decay rates of each state into
other modes, Γother(1
3D1,2,3) = (35.5, 28.0, 25.4) keV. The results are summarized in
Table II, taking Ko’s central value of Γ(13DJ → Υ(1S)pipi) = 0.56 keV.
The predicted products of branching ratios corresponding to the left-hand side of Eq.
(1) are all below the old CLEO upper bound [4]. However, with 20 times the old data,
CLEO III should be able to check the Kuang–Yan prediction. (Our value of 0.27% is to
be compared with the estimate made by Tuan [7] of 0.43%). The prediction of Moxhay
appears to be too low to be testable. Ko [12] has argued that nonperturbative effects
raise Moxhay’s prediction by a factor of 8± 1, leading to the prediction
3∑
J=1
B[Υ(3S)→ Υ(13DJ)X ]B[Υ(1
3DJ → Υ(1S)pipi] = 0.011% . (2)
(Ko obtained a slightly smaller value of 0.009%; Eq. (2) takes account of updated esti-
mates [3] of Υ(13DJ) production.) Although this is a factor of about 50 below the upper
bound in Eq. (1), the total number of predicted events looks encouraging. Multiplying
532 Υ(1S)pipi decays by 2/3 (for charged pions) and by B[Υ(1S)→ (e+e− or µ+µ−)] =
4.86±0.13%, we expect about 17 events with two charged pions and two charged leptons
(e or µ pairs). Of these, about half should be due to the 13D2 state which is the best
candidate for that reported in Ref. [1], with about 2/3 of the remaining events due to
the 13D3 state. Some additional sensitivity might be gained using neutral pions.
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Table II: Predicted branching ratios for Υ(13DJ) → Υ(1S)pipi (Roman entries, in per-
cent) and numbers of Υ(1S)pipi final states produced for 4.73×106 Υ(3S) decays (italics).
State N(3DJ) Kuang-Yan Moxhay Ko
(×103) [11] [8] [12]
13D1 40.4 0.20 1.55
5.70 2303 11 88
13D2 46.2 0.25 1.96
14.18 6551 35 278
13D3 48.6 0.27 2.16
7.66 3721 21 165
Total 27.54 12575 67 532
B [Eq. (1) (%)] 0.27 0.0014 0.011
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